This work determined the time necessary to stabilize the decrease in urinary N excretion after initiating continuous i.v. glucose infusion and the quantity of glucose required to maximize N balance in growing wether lambs fed a high-protein diet (21.1% CP, DM basis). In the first experiment, six wethers (30 kg) were used in a 10-d crossover design comparing jugular infusion of glucose (600 kcal gross energy/d) plus saline with saline alone. The second infusion experiment was carried out with six wethers (31 kg) assigned to two 3 x 3 plus extra period latin squares, with glucose infusion rates of 0, 300 and 600, and 0, 450 and 900 kcal/d, respectively. Urinary N decreased (P < .02) by d 2 of glucose infusion, remained stable to the end of the 10-d infusion period, and returned to the preinfusion level within 2 d after glucose infusion was discontinued. Urinary N decreased (P < .01) and N balance increased (P < .005) with an increasing level of glucose infusion through 600 kcal/d. Plasma glucose and insulin were elevated (P < .05) only by infusion of 900 kcal/d of glucose. Glucose was present in the urine of wethers infused with 900 kcal/d of glucose. Glucose infusion had no effect on diet digestibility, hematocrit or plasma urea N. The level of glucose infused into growing wether lambs that maximized reduction of urinary N and was fully utilized for protein deposition without increasing plasma glucose and insulin was about 12 g.Wkz-'75-d -1.
Introduction
Because most of the carbohydrate consumed by ruminants is fermented in the rurnen to VFA, limited glucose is available for absorption. Therefore, gluconeogenesis is a continual process of great importance to ruminants (Bergman, 1963; Young, 1977) . Propionate is a major source of glucose (27 to 55%), and glucogenic amino acids supply a significant amount (15 to 36%) of the glucogenic material (Bergman, 1983) . Studies indi1Approved f~ publication by the Dean of Agric. Sci. as publication No. T-5-247. Funds for this study were provided by the Thornton Endowment, Texas Tech Univ.
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3Visiting scientist from the Inst. of Anim. Nutr. and Hyg., Agric. Univ. of Lublin, ul. Akademicka 13, Poland. 4Dept. of Anita. Sci. Received Jtme 10, 1988 . Accepted November 30, 1988 cate that 5 to 7 g glucose.Wkg-'75.d -1 turns over in the fed sheep (Annison et al., 1967; Bergman, 1983; Wilson et al., 1983) , 97% of which arises from the liver and kidney (Bergman, 1983) . When a large amount of glucose is infused i.v. into ruminants, hepatic gluconeogenesis diminishes Oudson and Leng, 1973) . Eskeland et al. (1973) showed that i.v. glucose and propionate increased N retention via a reduction in urinary N excretion, whereas acetate and butyrate were much less effective.
The following studies were planned to determine the time necessary for glucose infusion to reduce urinary N excretion and the quantity of glucose infusion required to maximize N balance in ruminants when fed a diet not limiting in protein.
Experimental Procedure
A preliminary experiment was conducted to determine the digestibility of a high-protein (21.1% CP, DM basis) diet to be used in subsequent glucose infusion experiments and to determine the variation in daily N excretion. Six shorn, blackface, crossbred wether lambs (29.0 kg, SD = 1.8) were grouped by weight and fed one of three levels (44, 49 or 54 g DM.Wks-'75.d -1) of the diet shown in Table 1 . The wethers were placed in metabolism stalls for a 7-d adjustment period followed by an 8-d fecal and urine collection period. The diet was analyzed for DM, ash and Kjeldahl N 5 (AOAC, 1984) . Daily urine samples (preserved with 100 ml of 3.5 N HC1) were analyzed for N. Dally fecal samples were combined over two 4-d collection periods; subsamples were analyzed for DM, N and ash (AOAC, 1984) . Data were analyzed by ANOVA and split-plot analysis where appropriate (Damon and Harvey, 1987) Table 1 ), during which the wethers were infused continuously with 750 ml sterile saline/d and adjustments made in the infusion system, three of the wethers were continuously infused with 750 ml/d sterile glucose (160 g/d) in saline, resulting in 600 kcal gross energy/d of infused glucose. The other wethers were infused continuously with a similar volume of sterile saline. After 10 d, the infusion treatments were switched to the opposite three wethers, and the infusions were continued for 10 d. Other procedures were similar to those used in the preliminary experiment.
The second glucose infusion experiment was started 1 wk after the first infusion experiment. The six wether lambs (31.2 kg, SD = 2.0) were assigned randomly to two squares of three wethers each. The same level of feed was continued. The experimental design was a 3 x 3 plus an extra period latin square, which estimates direct and residual effects of treatment (Lucas, 1957) . Glucose infusion rates were 0, 300 and 600 and 0, 450 and 900 kcal/d in the first and second squares, respectively. Infusion and feeding procedures were similar to those of the previous experiment. Each infusion period lasted 6 d; urine and feces were collected during the last 5 d of each period. Dally urine samples were checked for the presence of glucose 7. Remaining procedures were similar to those used in the first infusion experiment.
Because the extra period latin square design with three treatments requires two squares to test all previous treatment combinations ( Lucas, 1957) , the data were analyzed statistically over both squares to determine "treatment effect" and the error mean square. This assumes that responses to 300 and 450 kcal were similar and that responses to 600 and 900 were similar. Treatment effects on urinary N and blood or plasma constituents of the various glucose infusion levels were estimated by adding or subtracting the actual difference between the control wethers and the respective glucose infusion levels within a square to the mean value for the control wethers over both squares. Because no treatment effect on digestibility was detected, specific treatment level effects were not estimated.
Blood samples (heparinized) withdrawn through the catheter after flushing with saline were taken at the end of each period in both infusion experiments. Packed cell volume (microhematocrit) was measured in the second infusion experiment. Plasma was removed and held at -4"C for analysis. Plasma glucose was determined by the glucose oxidase method s, plasma urea N (PUN) by the urease procedure (Chancy and Marbach, 1962; Searle, 1984) and plasma insulin by radioimmunoassay 9
Results and Discussion
Feeding the high-protein diet at three nearmaintenance levels of energy intake did not affect (P > .05) nutrient digestibility or N balance (Table 2 ). Average N, DM and OM digestibilities were 78.0, 75.4 and 76.7%, respectively. Using this OM digestibility value, the calculated DE value of this diet was 3.21 kcal/g DM (I.~fgreen, 1953) . Using 137.5 DE/ Wk8 "75 as the maintenance requirement for sheep (Garrett et al., 1959) , the three dietary levels represented 1.03, 1.14 and 1.26 times the maintenance energy requirement, respectively.
Variation in daily urinary N excretion is shown in Table 3 . The average CV was 11%. Part of this variation was due to an increase in urinary N with time on experiment (1.6% of N intake/d; r --.73); split-plot analysis revealed a significant effect of collection day (P < .005). Diet level, weight group or the interactions did not affect (P > .10) urinary N. Digestibilities of N, DM and OM (Table 4) were not different during the first glucose infusion experiment from those determined in the preliminary experiment and were not affected (P > .05) by glucose infusion (Table  4 ). In the experiments conducted with sheep by Eskeland et al. (1973 Eskeland et al. ( , 1974 , in which the influence of infused VFA and glucose on protein deposition were investigated, all energy sources reduced fecal N excretion. The reason for this difference in results is not apparent. Urinary N decreased (P < .005) and N balance increased (P < .005) with glucose infusion. This increase in N balance equates to a net deposition of 12.9 g/d of protein or 46.5 kcal of infused glucose/g protein deposited. Splitplot analysis of daily urinary N excretion revealed an effect (P = .05) of day that was largely characterized by an increase in urinary N excretion within period (+.59% of N intake/ d; r = .70). There was a small treatment • day interaction (P = .10). Treatment effects within days ( Figure 1 ) were all significant (P < .02), 'g DM.W~-m.d -I. bOdd-numbered lambs were lighter weight (27.4 kg) and even-numbered lambs were heavier weight (30.7 kg). except d 1 (P = .11) and d 9 (P = .12). These results indicate that urinary N decreased by d 2 of glucose infusion, remained decreased during the 10-d glucose infusion period, and returned to the preinfusion level within 2 d after glucose infusion was discontinued.
Plasma glucose, urea and insulin did not differ between treatments; average values were 60.5 mg/dl, 18.0 mg/dl and 11.9 ~tU/ml, respectively (data not shown).
In the second glucose infusion experiment, no residual effects were detected (P > .05); therefore, direct effects are presented. Digestibilities of N, DM and OM were not affected (P > .05) by glucose infusion (Table 5) ; N digestibility was slightly higher in this experiment compared with the two previous experiments, but DM and OM digestibilities were essentially the same. Urinary N was decreased (P < .01) and N balance was increased (P < .005) with increased glucose infusion. Figure 2 indicates that urinary N was maximally decreased by infusing glucose at the rate of at least 600 kcal/d. In this experiment, this was equivalent to 31% of the estimated dietary ME intake, or 24% of the total ME provided. At this level of glucose infusion, the improvement in N balance equates to a net deposition of 12.6 g/d of protein, or 47.8 kcal of infused glucose/g protein deposited. If it is assumed that all infused glucose was utilized for protein deposition, this is similar to the value of 45.6 kcal ME/g deposited protein determined by Rattray et al. (1974) in growing sheep.
Blood samples taken on the last day of each collection period revealed (Table 6 ) no change in hematocrit with glucose infusion. Plasma glucose was quite variable, especially at the high level of glucose infusion. There was a slight increase (P > .25) in plasma glucose with 600 kcal and an increase (P < .05) with 900 kcal/d of infused glucose. Plasma insulin was increased (P < .05) only by the infusion of 900 kcal/d; results for this level of glucose ',bMcans in the same row with different letters in their superscripts differ (P < .05). ~Means in the same row with differen t letters in their superscripts differ (P < .05).
infusion were highly variable (SE = 53). There was no residual effect of previous glucose infusion level on plasma glucose or insulin levels. These results differ from those observed in lactating ewes (Rutter and Manns, 1986) and goats (Chalyabutr et al., 1983) , in which glucose infusion in amounts of 270 to 340 kcal/d elevated plasma glucose and insulin.
There was a close qualitative relationship between plasma glucose level and glucose in the urine. Virtually all samples from wethers infused with 900 kcal/d of glucose had high amounts of glucose in the urine. Wethers receiving 600 and 450 kcal glucose/d only occasionally had a slight amount of glucose in the urine, whereas urine samples from wethers receiving 300 kcal glucose/d and those from the control treatment were negative. These results are similar to those reported by Judson and Leng (1973) . Large differences in glucose t')lerance between pregnant ewes has been noted (Wasmey et al., 1982) .
Glucose infusion did not affect (P > .05) PUN. Judson and Leng (1973) and Eskeland et al. (1973 Eskeland et al. ( , 1974 observed that glucose infusion reduced PUN with a concomitant increase in N balance. Eskeland et al. (1974) noted, however, a poor relationship between PUN and N balance. The reason for this difference is not apparent.
Results of these experiments indicate that the level of glucose infusion in these growing wether lambs that maximized reduction in urinary N, and thereby maximized N balance, without causing loss of glucose in the urine or an increase in plasma glucose and insulin was 160 g (600 kcal) of glucose/d or 12.1 g.W~-.75.d -1. Urinary N was decreased by d 2 of glucose infusion and returned to the preinfusion level within 2 d after glucose infusion was discontinued. The increase N balance observed with this amount of glucose infusion equates to 46 kcal ME required/g net protein deposition. These results also indicate that protein passing from the rumen of these wether lambs fed a high-protein diet was not limiting and was available for protein deposition when additional energy from glucose was infused.
The level of infused glucose determined in our work (12.1 g.Wkg-'75'd -1) was approximately twofold greater than the measured glucose turnover rate in mature sheep (Annison et al., 1967; Bergman, 1983) and 20 to 30% greater than that in growing cattle (Harmon et al., 1983; Russell et al., 1986) . Because glucose turnover is related positively to energy intake (Schmidt and Keith, 1983) , our results might approximate the glucose turnover rate in a ruminant fed a high-energy diet ad libitum.
